A hybridoma derived from a mouse immunized with gonococcal outer membranes produced an antibody, designated H.8, that bound to all strains of Neisseria gonorrhoeae and N. meningitidis tested, and to N. lactamica and N. cinerea, but only rarely to other nonpathogenic Neisseria species. Studies with the gonococcal strain used in production of the antibody showed that the antibody bound to a surface-exposed, protease-sensitive, and heat-modifiable outer membrane antigen that we believe is distinct from previously described gonococcal outer membrane proteins. (2, 3, 8, 19, 28) . In addition, it has been demonstrated that the surface composition of the pathogenic Neisseria spp. is highly variable. Differences in particular surface components can be seen between different strains, and also within a strain. The major outer membrane proteins of both gonococci and meningococci differ antigenically and chemically in different strains (7, 14, 34) , and proteins such as protein II of the gonococcus (11, 30) , or the heat-modifiable proteins of meningococci (28, 34), can be variably present within a single strain. Surface variability may be associated with differences in the ability of the organisms to survive in different microenvironments within the host, as well as being important in evading host immune responses.
The genus Neisseria is composed of a number of different species, all of which share certain properties and biochemical activities. Within this genus, however, there are both pathogenic and commensal species. Neisseria gonorrhoeae and N. meningitidis are responsible for a variety of infections of varying severity and public health cost. The factors that determine the type of infection caused, or those that differentiate the pathogenic species from commensal Neisseria species, are not well understood.
Many studies on the pathogenic Neisseria spp. have focused on the components of the bacterial surface, including outer membrane proteins, lipopolysaccharide, and pili. These studies have revealed associations between particular surface components and other properties of the organisms that may be related to virulence (2, 3, 8, 19, 28) . In addition, it has been demonstrated that the surface composition of the pathogenic Neisseria spp. is highly variable. Differences in particular surface components can be seen between different strains, and also within a strain. The major outer membrane proteins of both gonococci and meningococci differ antigenically and chemically in different strains (7, 14, 34) , and proteins such as protein II of the gonococcus (11, 30) , or the heat-modifiable proteins of meningococci (28, 34) , can be variably present within a single strain. Surface variability may be associated with differences in the ability of the organisms to survive in different microenvironments within the host, as well as being important in evading host immune responses.
Amidst the observed heterogeneity of surface composition, very few components or antigenic determinants common to all gonococci or meningococci or both have been identified. Recognition of such common determinants might contribute to an understanding of the factors that distinguish the pathogenic Neisseria spp. from closely related commensal organisms and to an eventual definition of the role of particular surface components in infection. We have produced monoclonal antibodies specific for gonococcal outer membrane proteins, to be used in studies on the regulation, structure, and function of these proteins. We report here the isolation of a monoclonal antibody that recognizes a determi-nant common to all gonococci and meningococci and the preliminary characterization of the outer membrane component to which the antibody binds.
MATERIALS AND METHODS
Bacterial strains. N. gonorrhoeae strain FA1090 (used to immunize mice) is a prototrophic, serum-resistant strain isolated from a probable case of disseminated gonococcal infection (23 (16) . All Neisseria sp. strains were grown on GC medium base agar (Difco Laboratories) with Kellogg's defined supplements (15) and were incubated in a 5% CO2 atmosphere at 37°C. Colony variants (opaque, transparent, piliated, nonpiliated) of N. gonorrhoeae were identified by the criteria of Swanson (29) .
Preparation of gonococcal outer membrane antigens. Outer membrane fractions were prepared by Sarkosyl extraction (33) or by extraction with lithium acetate (14) . Pili were purified by the method of Brinton et al. (1) .
Production of hybridomas. BALB/c mice were immunized with Sarkosyl-extracted outer membrane preparations containing 50 ,ug of protein on days 1 and 14. On day 17, fusions of spleen cells and Sp2/0 myeloma cells with polyethylene glycol were performed as previously described (23) . Antibodies were screened for binding to gonococci by solidphase radioimmunoassay (23) or by enzyme-linked immunosorbent assay (ELISA), performed by the method of Engval and Perlman (6) . Gonococci were fixed to polystyrene microtiter wells with 0.25% glutaraldehyde, probed with monoclonal antibody, incubated with alkaline phosphataseconjugated goat anti-mouse immunoglobulin G (Sigma Chemical Co.), and incubated with phosphatase substrate (Sigma). Plates were read on an MR 580 Microelisa Auto SDS-PAGE and Western transfer. Sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) was performed in linear acrylamide gradients (4 to 30%), using the discontinuous buffer system of Laemmli (18) . Gels were stained with Coomassie brilliant blue or were silver stained by the method of Tsai and Frasch (32) . Apparent molecular weights were determined by comparison to the migration of proteins of known molecular weight (Pharmacia Fine Chemicals, Inc.). All reagents for electrophoresis were purchased from Bio-Rad Laboratories or Bethesda Research Laboratories. Western transfer of electrophoretically separated proteins to nitrocellulose (BA85; Schleicher & Schuell) was done by the method of Burnette (4), except that the detergent Nonidet P-40 was omitted from the washes. Transfer was at 8 V/cm in a Bio-Rad TransBlot device. Filters were probed with monoclonal antibody, washed, incubated in 5 nCi of radioiodinated protein A per cm2 of filter, and washed again. Autoradiography was as described above.
RESULTS
Binding of monoclonal antibody H.8 to various Neisseria species. BALB/r immune spleen cells, primed with outer membranes of gonococcal strain FA1090, were fused with Sp2/0 myeloma cells. The resulting anti-FA1090 monoclonal antibodies (18 clones) were tested for their binding to a panel of strains of N. gonorrhoeae, and other Neisseria species, using the colony blot-antibody binding assay. One antibody, designated H.8, showed an almost complete discrimination between pathogenic and commensal Neisseria species in binding ( Table 1 ). The antibody bound to all of the 48 gonococcal strains tested. These strains included isolates from patients with uncomplicated infection and disseminated infection, serum-sensitive and serum-resistant strains, plasmid-free strains, 3-lactamase producers, piliated and nonpiliated colony types, opaque and transparent colony types, and multiple protein I serotypes (3) . Antibody H.8 also bound to all 25 strains of N. meningitidis tested, which included representatives of groups A, B, C, X, and Y. An examination of other Neisseria species showed that antibody bound to four of five strains of N. lactamica, which has been shown to be closely related to the meningococcus (9, 22) , and to the single strain tested of N. cinerea, which is closely (Fig. 2) . The antibody bound to a component that was heat modifiable, with a single antibody-binding band of apparent molecular weight of 20,000 in samples prepared at 37°C and bands of 20,000 and 30,000 (30K) in samples prepared at 100°C. The extent of appearance of the 30K band with 100°C treatment varied from one experiment to another. Treatment with 2-mercaptoethanol had no effect on the electrophoretic mobility of the H.8-binding material. There was no Coomassie blue-staining material in the gel that comigrated with the antibody-binding component. A faint band on silver-stained gels did correspond in size to the antibody-binding band. Apparently, there was either a very small quantity of this antigen in outer membranes or it showed unusual staining properties. Incubation of outer membranes with papain or trypsin before SDS-PAGE and Western blotting resulted in complete disappearance of the antibody-binding band on the autoradiogram.
A group of gonococcal outer membrane proteins of apparent molecular weight similar to that of the H.8-binding component is the protein(s) II (P.11) group. Different colony variants of a single gonococcal strain can vary in their expression of one or more members of this group of proteins (11, 30) . In colony blot and Western transfer experiments, colony variants of strain FA1090 with different electrophoretically distinguishable P.II bands, or no P.11, showed no difference in amount or electrophoretic mobility of the H.8-binding material. The H.8 antigen was present in both piliated and nonpiliated colony variants of strain FA1090, and the antibody showed no binding to purified gonococcal pilin subunits (data not shown).
SDS-PAGE and Western blotting of a meningococcal strain and a strain of N. lactamica showed that the H.8-binding material was also found in lithium acetate-extracted outer membranes of these strains. The electrophoretic mobility of the antibody-binding component from these strains was slightly different from that in gonococcal strain FA1090 (Fig. 3) gonococci was responsible for the observed inhibition, we performed the adsorption experiment under a second set of conditions. H.8 culture supernatant was adsorbed with intact cells in minimal broth Davis, containing no Tween 20, for 30 min at 37°C. In a representative experiment, the ELISA value of unadsorbed supernatant (0.74) was reduced to 0.02 by a single adsorption with gonococcal strain FA1090. There was no decrease in the number of viable CFU in the incubation mixture over the 30-min period, indicating that lysis of organisms was not occurring. Under the Tween 20-free conditions, a control adsorption with N. mucosa strain NRL9300 resulted in a 45% inhibition of the ELISA value, presumably due to nonspecific interactions between the bacteria and the antibody. However, the difference between the FA1090-adsorbed samples and the NRL9300-adsorbed samples was striking under both incubation conditions. It seems unlikely that the apparent surface exposure of the H.8 antigen was due to lysis and release of a nonsurface component from the gonococci.
The H.8 antigen was not released into the gonococcal growth medium to a significant extent, as there was no antigen detectable by the ELISA in culture supernatant from a mid-log-phase broth culture of strain FA1090.
The H.8 antibody was not bactericidal for gonococcal strain FA1090, using either normal human serum or normal rabbit serum as complement source. Normal mouse serum was itself bactericidal for strain FA1090 and therefore could not be used as the complement source in the bactericidal assay.
The H.8 antibody was of the immunoglobulin G2b subclass.
DISCUSSION
The H.8 monoclonal antibody showed an almost complete discrimination between the pathogenic and commensal Neisseria spp. in binding. The antibody bound to all of the strains of N. gonorrhoeae and N. meningitidis tested. We do not know at this time whether the variability in binding of the antibody to the various strains of gonococci and meningococci was due to variation in the amount of the antigen or to differences in its surface exposure or antibody accessibility. The binding of the antibody to N. lactamica and N. cinerea was consistent with other evidence that indicates that these two species are very closely related to the meningococcus and the gonococcus, respectively (9, 22 (17) . N. gonorrhoeae can be genetically transformed more readily with DNA from N. meningitidis or N. lactamica than with DNA from commensal Neisseria species (27) . However, there does not seem to be a clear-cut boundary between pathogens and commensals, particularly in view of recent evidence that DNA from normal mouth flora may transform strains of N. gonorrhoeae such that they acquire characteristics of other species (13) . Despite this potential for exchange of genetic information, there are some characteristics that have been shown to occur only in the pathogenic species. Both gonococci and meningococci produce an immunoglobulin A protease (25) and possess the ability to adhere specifically to mucus-secreting columnnar epithelial cells (21) . The presence of the H.8 antigen on N. gonorrhoeae, N. meningitidis, and N. lactamica provides an additional characteristic that differentiates this group of organisms from the commensal Neisseria species.
Characterization of the H.8 antigen in gonococcal strain FA1090 suggested that it was a surface-exposed outer membrane component distinct from previously described gonococcal outer membrane proteins. The protease-sensitive antigen was not mercaptoethanol modifiable, but was heat modifiable. It seems likely that the 30K antibody-binding component that was variably present in 100°C-solubilized samples of this strain represents a modified form of the 20K component. These characteristics distinguish the H.8 antigen from protein I or III of the gonococcal outer membrane (11, 20) . Newhall et al. (24) have described a protein complex designated OMP-MC in the outer membrane of all gonococci, but its apparent molecular weight (approximately 800,000) is very different from that of the H.8 antigen. The evidence that the H.8 antigen was distinct from P.II or pilin was primarily indirect, in that the presence and electrophoretic mobility of the antigen was unaffected by demonstrated differences in possession of P.II or pili. Also, there was no binding of antibody to purified pilin. In addition, the unusual staining properties of this component (failure to stain with Coomassie blue; faint staining with silver stain) differ from those of previously identified gonococcal membrane proteins and may reflect unique structural features of the H. 8 antigen. An alternative possibility is that there is a very small quantity of this material in strain FA1090 outer membranes, so that it is not seen by conventional staining techniques. Further experiments must be done to distinguish between these possibilities.
Experiments with a strain of N. meningitidis and one of N. lactamica showed that these strains each possessed an antibody-binding component in the outer membrane that was of apparent molecular weight similar, but not identical, to that of the component in gonococcal strain FA1090. In preliminary experiments, we have observed that the electrophoretic mobility of the H.8-binding component also varies slightly in different gonococcal strains.
The conservation of the H.8-binding antigen among various strains and species of pathogenic Neisseria seems particularly noteworthy in comparison to the variability of many other surface components of gonococci and meningococci. Many questions on the structure and function of the H. 8 antigen remain to be answered. Speculations on the possible role of this component in pathogenesis, or on its ability to stimulate production of protective antibody, must await future experiments.
